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Objective: Evidence showing that infectious diseases in childhood play an important 
role in the etiopathogenesis of neurodevelopmental and other mental disorders is grow-
ing. The aim of this study was to explore the timing of common childhood diseases in 
early-onset anxiety disorders.
Materials and methods: We analyzed data from PsyCoLaus, a large Swiss Population 
Cohort Study (N = 3720). In this study, we regressed overanxious disorder, separation 
anxiety disorder, social phobia, and specific phobias on the age of onset of several 
childhood diseases, always adjusting for the other anxiety disorders listed above and 
for sex.
results: The timing of viral childhood diseases (chickenpox, measles, and mumps) 
was consistently delayed in social phobia, notably both in men and women. We found 
no evidence for a reversed sequence of onset of phobia symptoms before that of the 
infections included.
conclusion: Social phobia was the only early anxiety disorder to show an association 
with a delayed onset of common viral childhood diseases.
Keywords: social phobia, anxiety disorders, childhood diseases, infectious diseases, epidemiology
inTrODUcTiOn
Evidence showing that infectious diseases in childhood can play a crucial role in the etiopatho-
genesis of mental disorders is growing (1). This relation has been a long-standing issue in 
psychiatric epidemiology, but research activity has recently intensified. Current topics include 
prenatal infections with Toxoplasma gondii, rubella, and other infectious diseases (2, 3) as risk 
factors for neurodevelopmental disorders and schizophrenia. Furthermore, a series of postnatal 
infectious agents was reported in association with schizophrenia/psychosis (4–6). The pediatric 
autoimmune neuropsychiatric disorders associated with streptococcal infections (PANDAS) 
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model also postulates a crucial role for autoantibodies 
against basal ganglia tissue appearing after infections with 
group A streptococci in the development of attention deficit 
hyperactivity disorder, Gilles de la Tourette syndrome, and 
obsessive–compulsive disorder (OCD) (7, 8). Finally, recent 
analyses have shed new light on the role of infectious diseases 
in anxiety disorders (9).
On a formal level, there are four models of how infectious 
diseases could affect the risk for mental disorders. The models 
can be illustrated using the associations between Epstein–Barr 
virus (EBV) and multiple sclerosis (MS) or psychotic disorders. 
The first model relates to the mere occurrence of an infection. 
For example, an EBV infection is a necessary precondition 
for later MS onset: while the seroprevalence for EBV is high, 
i.e., it covers 90% of the adult population or more (10), almost 
no one from the negative seroprevalence group develops MS. 
The second model includes the severity of an infection, for 
example, due to a dysfunctional immune response and/or due 
to a combination with genetic or other types of vulnerabilities. 
The third model considers the timing of childhood infections. 
Deviations from typical timing, in particular delayed childhood 
infectious diseases such as chickenpox, measles, mumps, or 
rubella, are well known to lead to a more severe disease course 
with more complications (11–14). This also applies to delayed 
EBV infections, which increase the risk for mononucleosis and 
probably also for MS (15). Finally, the fourth model focuses on 
the sequence of childhood infections. This is a possible reason 
for why infectious disease occurring earlier in life than typi-
cally expected might have harmful effects. For example, EBV 
infections in the first years of life have been linked to psychotic 
experiences (16). Both the timing and sequence of childhood 
infections can be assumed to be subjected to evolutionary 
optimization.
There is a lack of research systematically examining how the 
timing of infections and other inflammatory insults (17) impacts 
the risk for mental disorders. This study focused on the timing of 
childhood diseases with regard to early-onset anxiety disorders 
(separation anxiety disorder, overanxious disorder, specific 
phobias, and social phobia). The aim of the study was to examine 
whether deviations in age of onset of childhood infectious dis-
eases are associated with the early-onset anxiety disorders. We 
used a two-step approach. First, we examined whether the age 
of onset of infections differs in cases with and without a specific 
disorder. The analyses were adjusted for common confounding 
factors and other early-onset anxiety disorders. In the case of 
delayed onset, we examined whether the sequence of a childhood 
infectious disease and the first symptoms of an anxiety disorder 
might have induced the result.
MaTerials anD MeThODs
The Psycolaus study
The analysis was carried out within the framework of PsyCoLaus, 
a large epidemiological study conducted in Switzerland. The 
PsyCoLaus study (18) is the psychiatric part of the population-
based CoLaus study (19). The participants in the CoLaus study 
were randomly selected from the population of the city of 
Lausanne (Switzerland). The assessment of the subjects took place 
between 2003 and 2006 in an outpatient clinic (19, 20). It included 
an interview with a semi-structured questionnaire, as well as the 
collection of clinical data and blood samples. One year after their 
initial assessment, CoLaus participants aged between 35 and 66 
were asked to participate in the PsyCoLaus study. Subsequently, 
a total of 3,720 individuals (67%) agreed to participate (18). One 
major goal of PsyCoLaus was to collect data on the prevalence of 
psychiatric syndromes/disorders.
A French version of the semi-structured diagnostic interview 
for genetic studies (DIGS) (21, 22) was used in the PsyCoLaus 
study to assess a broad spectrum of DSM-IV Axis I criteria. 
Moreover, the DIGS allowed for gathering additional informa-
tion about the course and chronology of comorbid features (18). 
However, the brief phobia section of the DIGS was replaced by the 
corresponding sections from the Schedule for Affective Disorders 
and Schizophrenia-Lifetime Version (23).
The study was approved by the Ethics Committee of the 
University of Lausanne. All participants gave their written 
informed consent at study enrollment in accordance with the 
Declaration of Helsinki.
childhood Diseases/Disorders  
and age of Onset
The early-onset anxiety disorders are characterized by an early 
age of onset of first symptoms, i.e., mostly before adolescence. 
While separation anxiety disorder is defined by excessive anxiety 
of being separated from parents or significant others, overanxious 
disorder was introduced as a childhood form of general anxiety 
disorder and in DSM-IV subsumed within this disorder. Specific 
phobias are a heterogeneous group of disorders (24) related to 
specific animals, objects, or situations. In social phobia, these are 
social situations. Typically, girls and women are more frequently 
affected by early-onset anxiety disorders. The sex ratios can reach 
a factor of 3 (specific phobias).
The following childhood infections were included in the 
analyses: pertussis, chickenpox, measles, mumps, rubella, and 
scarlet fever. The information on infectious diseases and other 
related conditions was derived using an extended version of 
the medical history part of the DIGS and was based on self-
reporting. In the interview, participants were asked questions 
about ever having been diagnosed with various infectious 
diseases, diseases of the nervous system, cardiovascular, respira-
tory, gastrointestinal, metabolic and dermatological conditions, 
as well as allergies and hormonal problems. For each disease 
group, a screening question was asked, followed by more specific 
questions in the case of an affirmative response. In the section 
on childhood diseases, chickenpox, measles, and mumps were 
explicitely asked, whereas information regarding pertussis, 
rubella, and scarlet fever was extracted from the free text field of 
this section. These questions routinely included the age of onset 
of a disease or the first occurrence of symptoms of a mental 
disorder. Information such as “so early that I cannot remember” 
or “since I can remember” or age below 2 was replaced by a 
random value between 2 and 5.
TaBle 1 | Onset age of childhood infectious diseases overall and per anxiety disorder; outliers above 16 years excluded; mean and 95% confidence 
interval.
chickenpox  
N = 2566
Measles  
N = 2390
Mumps  
N = 1936
rubella  
N = 201
Pertussis  
N = 256
scarlet fever 
N = 146
Overall 6.05 (5.95–6.14) 6.06 (5.97–6.16) 7.04 (6.93–7.16) 7.55 (7.01–8.01) 6.39 (6.06–6.72) 7.46 (6.97–7.95)
Separation anxiety disorder 5.76 (5.41–6.12) 5.93 (5.53–6.33) 7.46 (6.90–8.01) 7.11 (5.42–8.80) 7.14 (4.86–9.43) 7.85 (6.07–9.62)
Overanxious disorder 5.98 (5.64–6.33) 6.30 (5.98–6.63) 7.38 (6.93–7.82) 7.89 (6.01–9.78) 6.18 (4.87–7.49) 7.50 (4.47–10.53)
Specific phobia 5.99 (5.76–6.22) 6.16 (5.93–6.39) 7.15 (6.86–7.44) 7.40 (6.36–8.43) 6.39 (5.68–7.10) 6.64 (5.52–7.76)
Social phobia 6.50 (6.22–6.77) 6.67 (6.40–6.93) 7.60 (7.25–7.95) 7.54 (6.07–9.00) 6.83 (5.70–7.96) 8.15 (6.84–9.46)
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statistical analysis
The analyses followed the conventional analysis design of univari-
ate, bivariate, and multivariate analyses. In bi- and multivariate 
regression models, the age of onset of infectious diseases was 
implemented as a predictor of any of the examined early-onset 
anxiety disorders. In regression analyses, the onset age of infec-
tious diseases was limited to 16 years in order to exclude outliers 
(14.8% in rubella, and 2.3–6.6% in other infectious diseases). In 
addition, the age data were smoothed by square root transforma-
tion to approach a normal distribution. Each regression analysis 
relied on a subsample of subjects who reported the infectious 
disease in question (and not on the whole sample). The analyses 
were routinely adjusted for:
• sex: in the analysis of overall data;
• other early-onset anxiety disorders (separation anxiety disor-
der, overanxious disorder, specific phobias, and social phobia) 
apart from the dependent variable.
Additional adjustments introduced in a one-by-one manner 
included the education level (three categories), the age of the 
participants (because of the possibility of recalling a higher age 
for any events among older age groups), and childhood adversi-
ties (fear of parental punishment, parental quarrels, growing up 
in children’s home).
In the case of statistically significant and consistent results, the 
analysis design was supplemented by an additional comparison 
of the observed and expected cases relating to the sequence of 
a childhood disease and the first symptoms of an early-onset 
anxiety disorder in order to ascertain that the sequence remained 
unchanged. Since the relevant information on the age of onset 
was available only for a subset of subjects (those reporting the 
respective infectious disease and simultaneously indicating the 
age of onset of symptoms of an early-onset anxiety disorder), a 
consistent framework for inference statistics was missing and had 
to be replaced by a bootstrapping procedure (25). In this proce-
dure, we created for each run a subsample of 1:1 matched controls 
from the overall sample positively reporting the infectious disease 
in question. For each run, the hypothetical number of controls 
was determined in whom an infectious disease occurred before or 
in the same year as in the corresponding case (relating to the year 
of onset of first symptoms of an anxiety disorder). We performed 
1,000 runs in order to fix the hypothetical sequence and treated it, 
for the sake of simplicity, as the underlying population sequence. 
Therefore, the current sequence of infectious diseases and the first 
symptoms of an early-onset anxiety disorder were tested as the 
comparison between observed and theoretical frequencies.
Furthermore, in the case of statistically significant and consist-
ent results, we additionally examined the associations between 
the early-onset anxiety disorders and the frequencies of reported 
chickenpox, mumps, and measles infections.
The analyses were routinely carried out with the overall data 
as well as for males and females separately. Moreover, they were 
repeated for measles after excluding those born in or after 1963 
(decreasing endemicity of measles in part due to due to a national 
vaccination policy). The basic analyses and programming were 
carried out using SPSS Statistics (version 21). The bootstrapping 
procedure was programed in a SAS (version 9.3) macro.
resUlTs
The mean age of onset of first symptoms was 7.0 (SD 3.5) years 
in overanxious disorder, 5.2 (SD 2.2) years in separation anxiety 
disorder, 12.1 (SD 9.8) years in specific phobias and 10.9 (SD 8.2) 
years in social phobia. Table 1 displays the average onset age of 
common viral and bacterial childhood diseases in early anxiety 
disorders.
Table 2 shows the results for social phobia regressed on the age 
of onset of chickenpox, measles, and mumps for the whole sample 
and the results for separation anxiety disorders (only males) 
regressed on the age of onset of mumps. The analyses in other 
anxiety disorders did not yield significant estimates (results not 
shown). Neither the adjustment for covariates (other early anxiety 
disorders and sex) and potential confounders (education level, 
age of subjects, and childhood adversities) nor the replication of 
the analyses after excluding subjects born in 1963 or later yielded 
any noteworthy differences. However, replication by sex-specific 
analyses showed that in social phobia the onset of chickenpox, 
measles, and mumps was consistently delayed in both sexes. The 
odds ratios based on square root smoothed values for age were 
1.8 (1.2–2.7), 2.1 (1.3–3.2), and 2.0 (1.3–3.0) in males, and 1.4 
(1.0–1.9), 1.7 (1.2–2.2), and 1.4 (1.0–2.0) in females.
The results from analyses addressing the sequence of each 
childhood disease and the onset of first symptoms of social 
phobia (or separation anxiety disorder) are displayed in Table 3. 
In social phobia, the delay in the onset of chickenpox, measles, 
and mumps did not induce any noteworthy shift between 
observed and expected cases. However, in separation anxiety 
disorders, the delay of the onset of mumps was accompanied by 
an increase of cases with a mumps infection after encountering 
preliminary separation anxiety symptoms thus indicating that 
an altered sequence of onsets was involved and induced artificial 
results.
TaBle 3 | Observed and expected cases with onset of selected childhood disease before or in the same year as the onset of first symptoms of social 
phobia (overall sample) and separation anxiety disorder (only males).
social phobia vs. chickenpox social phobia vs. measles social phobia vs. mumps separation anxiety disorder vs. 
mumps (males)
Subsample N total 325 288 247 43
N (%) observed 198 (60.9) 185 (64.2) 135 (54.7) 8 (18.6)
N (%) expected 208.4 (64.1) 189 (65.7) 140.4 (56.9) 15.3 (35.7)
χ2 1.45 (n.s.) 0.27 (n.s.) 0.48 (n.s.) 5.41*
*p < 0.05.
TaBle 2 | regression analysis models with social phobia regressed on age of onset in chickenpox (model 1), measles (model 2), and mumps (model 
3); separation anxiety disorder on age of onset in mumps (only males; model 4); age smoothed by square root transformation; odds ratios and 95% 
confidence interval adjusted in each model for other early anxiety disorders and sex.
Model 1 social phobia on 
chickenpox age
Model 2 social phobia on 
measles age
Model 3 social phobia on  
mumps age
Model 4 (males) separation anxiety 
disorder on mumps age
Age at onset 1.57 (1.23–1.99) 1.76 (1.36–2.28) 1.55 (1.19–2.04) 2.89 (1.55–5.39)
Sex 1.44 (1.11–1.86) 1.39 (1.07–1.82) 1.54 (1.16–2.06) *
Separation anxiety disorder 1.95 (1.28–2.97) 1.47 (0.93–2.33) 1.46 (0.88–2.42) *
Overanxious disorder 2.42 (1.69–3.47) 2.47 (1.70–3.59) 2.69 (1.81–3.99) *
Specific phobia 1.89 (1.31–2.71) 1.79 (1.22–2.63) 2.20 (1.46–3.31) *
*not applied (see text and Table 3).
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Additional analyses examining the associations between social 
phobia and reported chickenpox, mumps, and measles infections 
consistently yielded odds ratios above one, but reached significant 
levels only regarding mumps (OR = 1.26, CI 1.01–1.57).
DiscUssiOn
This study was the first to examine the timing of childhood 
diseases in early-onset anxiety disorders (separation anxiety dis-
order, overanxious disorder, specific phobias, and social phobia). 
We found that social phobia was associated with a delayed age 
of viral infectious diseases, in particular with respect to chicken-
pox, measles, and mumps. Notably, these results were separately 
replicable in males and females and could not be explained by a 
reciprocal sequence of reported conditions.
Thus, we offer four possible interpretations of our results. First, 
the timing of the viral infections could interfere with the chang-
ing activity of the immune system, as hypothesized regarding 
EBV infection in/after adolescence and the EBV–MS link (15, 26). 
However, social phobia symptoms typically have an early onset 
before adolescence (27). Since the average delay of chickenpox, 
measles and mumps infections found in persons with social pho-
bia is rather small (below 1 year), it cannot fill the gap between 
childhood and adolescence. Therefore, there is no support for a 
crucial role for adolescence and its concomitants in this disorder.
The second interpretation is more trivial, suggesting that the 
reporting of chickenpox, measles, and mumps basically relies on 
the visibility of symptoms such as exanthema. It is noteworthy 
that these childhood diseases had reached a high seroprevalence 
of above 90%, before the vaccination campaigns began, thus 
inducing a ceiling effect in the analyses (12, 14). As mentioned 
earlier, a higher age at infection is a risk factor for more severe 
symptoms. This is compatible with the increased frequencies of 
at least mumps infections reported by subjects with social phobia. 
With this interpretation, some viral infections are directly associ-
ated with the risk for social phobia and mediated by a more severe 
course and symptoms of the infectious disease.
The third interpretation is closely linked to the second one 
mentioned earlier. It cannot be excluded that an unknown com-
mon factor simultaneously increases the risk for more severe 
forms of childhood diseases and for social phobia. However, no 
such factor is currently apparent.
Last but not least, the association between social phobia and 
delayed age of viral infectious diseases could emerge as an impli-
cation of coping with early social phobia symptoms, for example, 
by avoiding social contact in free time and out-of-school activi-
ties. A similar rationale would also apply to separation anxiety 
and overanxious disorder. However, in these instances, it was not 
supported by the data.
Thus, the most plausible interpretation for the moment is that 
viral infections in childhood not only precede but also contribute 
to the risk for social phobia. The reporting of viral infections in 
a survey such as PsyCoLaus depends on the perception of mani-
fest symptoms by the subjects. In turn, manifest symptoms are 
related to a more severe course of these infections and thus also 
to a stronger involvement of the immune system. Therefore, we 
hypothesize that the increased risk for social phobia is mediated 
by a relatively stronger involvement of the immune system. This 
is in line with models linking infectious diseases with neurodevel-
opmental disorders—for example, the PANDAS model (8)—or 
with postinfectious fatigue and depression (28–30). However, 
in contrast to the PANDAS model, viral—and not, or not only, 
bacterial—pathogens are involved in social phobia. Moreover, the 
small delay suggests that apart from the severity of viral child-
hood diseases a specific age stage, i.e., a specific stage of brain 
development, should also be considered in social phobia.
While the results of this study show a new facet of how the 
immune system interferes in the etiopathogenesis of social 
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phobia, they should not be generalized to the whole spectrum 
of social phobia subtypes. As in other phobias (24) or OCD 
(31), the analysis of epidemiological parameters, risk factors, 
and comorbidity patterns split by sex and age at onset of first 
symptoms indicates some hidden heterogeneity of this disorder, 
as do clinical studies (32).
limitations
As customary in population surveys, the information used was 
based on self-reporting, including all information on child-
hood diseases. The participants in PsyCoLaus were adults up 
to 66  years of age. Therefore, the analyses might be biased by 
telescoping effects such as those found typically regarding onset 
of substance use (27, 28) and display an age-dependent recall-bias 
regarding symptoms and diseases occurring in childhood and 
youth. However, no evidence for this was found in the analyses 
adjusted for age.
The diagnosis of social phobias and other disorders was based 
on information from epidemiological instruments and not on 
clinical assessment. In some instances, the analyses might also 
have failed to reveal significant estimates due to small frequencies 
of cases. While some infectious diseases were directly documented 
in the DIGS, others were covered by a more general question. 
Thus, the recall bias might interfere differently, depending on the 
question format.
The interpretation is solely based on association analyses and 
results from regression analyses. Therefore, it includes a strong 
theoretical or speculative component and should be adopted 
with caution. Ongoing studies covering other infectious diseases 
and other mental disorders will facilitate a more precise and 
comprehensive interpretation of the specific link between viral 
childhood diseases and social phobia.
cOnclUsiOn
The analysis of the timing of childhood diseases in early anxiety 
disorders has shed new light on the connection between viral 
childhood diseases—chickenpox, measles, and mumps—and 
social phobia. While the clinical implications of this study are 
minor, its theoretical implications are challenging. The results 
suggest a role for the immune system in impacting the develop-
ment of early onset anxiety disorders.
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